The diversity of finfishes caught in traps at Keelakarai, Gulf of Mannar was assessed quantitatively and qualitatively for a period of six years from July 2006 to June 2012. Average landing during the period was 109 t per year with maximum of 137 t during 2008-09. Among the 98 species of reef fishes landed, Siganus canaliculatus dominated (28%), followed by Scarus ghobban (21%). During the first two years of the study, S. ghobban dominated over S. canaliculatus and later the trend reversed. Family-wise, maximum contribution was by Siganidae (36%) followed by Scaridae (21%). Seasonally, the major peak was recorded during post-monsoon of 2009. The Shannon index of diversity was maximum during 2007-08. Cluster analysis indicated the highest similarity in species composition between 2010-11 and 2011-12. SIMPER analysis identified 26 species as most significant in creating the observed pattern of similarity for 90% cut off contributions. Ellipse plot showed statistically significant deviation in fish diversity between years. Reef fish landings showed an increasing trend from 2006-07 to 2008-09, a decline afterwards and then almost steady condition prevailed during the last two years of the study which implies that there is no scope for further increase in landings by trap fishery at Keelakarai.
Introduction
Trap fishing is one of the indigenous methods of fishing prevalent in the Gulf of Mannar. Traps are easy to deploy, relatively less expensive to fabricate and suitable to operate in areas with rocks and coral reefs. This may be the reason for the development of an organised trap fishery at Keelakarai where such areas are available in plenty. Several ornamental fish species are also caught in traps along with food fishes. Attractive ornamental fishes collected in live condition fetch good price, thereby forming an additional income to the fisherfolk in this area. Several researchers have studied various aspects of trap fishery operated at Keelakarai, located in Gulf of Mannar. Prabhu (1954) gave an account of the perch fishery by special traps and the different methods of operation in the Gulf of Mannar and Palk Bay around Mandapam. Lal Mohan (1985) described the changing trend in the traditional trap fishery of Keelakarai and Rameswaram. Varghese et al. (2008) gave an account of trap fishing in the Gulf of Mannar and Palk Bay. Murugan and Durgekar (2008) have touched upon the seasonal abundance of coral reef associated fishes at Keelakarai while describing the status of fisheries in Tamil Nadu. Kalaiarasan et al. (2014) gave a brief account on trap fishery during 2011-12, but emphasis was given to types of traps and qualitative aspects of fishery. Kalaiarasan et al. (2015) compared the performance of three types of traps viz., experimental traditional trap, Norwegian collapsible trap and modified Norwegian collapsible trap. Murugan et al. (2014) studied the diversity, occurrence and socio-economic aspects of snappers and job fish fisheries from Gulf of Mannar region. However, there are no recent studies describing the trap fishery in the Gulf of Mannar from Keelakarai area. Hence, an attempt was made to study the species diversity and the monthly, seasonal and yearly abundance of different species in the trap fishery at Keelakarai in Gulf of Mannar.
Materials and methods
Fortnightly samplings were done to estimate the diversity of finfishes landed by traps operated at Keelakarai (09 O 14' N; 78 O 47' E) in Gulf of Mannar, for a period of six years from July 2006 to June 2012. Trap fishery in Keelakarai covers an area of about 1000 ha. The reef fish species in the landings were identified using FAO identification sheets (Fischer and Bianchi, 1984) , Smith and Heemstra (1986) and Munro (2000) . Species-wise, family-wise, month-wise, season-wise and year-wise catch data were generated and analysed using MS-Excel. The seasons considered for the study were pre-monsoon (July-September), monsoon (October-December), post-monsoon (January-March) and summer (April-June) as described by Rajasegar and Sendhilkumar (2009) , as the study site was located on the south-east coast of India. Each year was taken as the twelve month period from July to June. Conventional diversity indices like Shannon diversity index H'(log 2 ) (Shannon and Wiener, 1963 ); Margalef's richness index d (Margalef, 1958) and Pielous evenness index J' (Pielou, 1975) were applied to compare the fish diversity between years. New diversity indices have statistical support to compare the biodiversity within different years and can be derived using average taxonomic distinctness index ∆ +; total phylogenetic diversity index sPhi+ and taxonomic diversity index ∆ (Clarke and Warwick, 2001) . To compare the diversity between years, dominance plot was drawn (Lambshead et al., 1983; Clarke and Warwick, 2001 ) by ranking the species in decreasing order of abundance. The data were fourth root transformed before analysis for diversity indices, similarity and cluster analyses. Similarity in species composition was studied by calculating the Bray-Curtis coefficient (Clarke, 1999) . Similarity matrices were constructed using the Bray-Curtis similarity measure on non-standardised logarithmic transformed data. The similarity is taken as 100% when the two samples are totally similar and as 0 when the two samples are totally dissimilar. In cluster analysis, hierarchical agglomerative clustering and in the non-metric multidimensional scaling (MDS), the Bray-Curtis similarity was used to construct the map (Clarke and Warwick, 2001) . SIMPER analysis was carried out to find out the contribution of each species to the observed similarity or dissimilarity between the years. To find out the deviation from normal distribution and to test the variance between samples, ∆+ and λ + values were used for plotting the 95% ellipse plots. All the univariate and multivariate analyses for the diversity profile were done using PRIMER (Plymouth Routines in Multivariate Ecological Research) v.6 package developed by the Plymouth Marine Laboratory, UK (Clarke and Gorley, 2001) , following Khan and Lyla (2005) .
Results and discussion

Quantitative abundance
A total of 654.46 t of reef fishes were landed by traps at Keelakarai fish landing centre during the six-year period from July 2006 to June 2012, with an average landing of 109 t per year. This yearly average was much higher than that recorded (10.45 t year -1 ) by Prabhu (1954) from Gulf of Mannar. Of the total landings, maximum contribution (21%) was during 2008-09 and minimum (10%) was during 2006-07 (Fig. 1) .
The landings were found to increase from 2006-07 to 2008-09 and then showed a decreasing trend.
Season-wise study indicated a major peak in the fishery during post-monsoon in 2009 followed by a minor peak during monsoon of 2009 (Fig. 2 ). According to Kalaiarasan et al. (2014) , the peak season for trap fishing at Keelakarai was from September to February based on a study for one year. Also, Murugan and Durgekar (2008) recorded monsoon season as the peak catching period. In the present study also, the seasonal peaks were observed during October-March in most of the years, which closely agrees with the above findings. Average catch per trap was 1.59 kg. Prabhu (1954) reported the catch rate per trap as 0.14 kg in Gulf of Mannar while Lal Mohan (1985) estimated the catch per trap as 0.48 kg. Thus, an improvement in the catch rate was evident over the years. In case of catch per month also, there was an increase from 2844 kg (Lal Mohan, 1985) to 9089 kg during the present study. This increase in catch may be due to the different types of baits used, size and types of traps employed and change in the area of operation of the traps.
Qualitative abundance
A total of 98 species of reef fishes belonging to 27 families were recorded from the landings by traps at Keelakarai during the present study period (Table 1) . Kalaiarasan et al. (2014) observed fishes of 24 families in landings from traps at Keelakarai and the higher number of families recorded during the present study may be due to the long duration of the study period. The family-wise distribution of landings is given in Fig. 3 (families forming less than 1% of landings are not included).
Family-wise estimates showed that Siganidae formed maximum (36%) of the landings by traps during the period under study, followed by Scaridae (21%), Lethrinidae (11%), Serranidae (8%) and Mullidae (7%).
Among the species landed, Cheilinus undulatus categorised as 'Endangered' in the IUCN Red List, was also observed. Ninety-eight species of reef fishes were landed during the present study, whereas 92 species were The most dominant species, S. canaliculatus showed a fluctuating trend and reached the major peak in the monsoon of 2011. In general, S. canaliculatus and S. javus were found to increase while S. ghobban and L. nebulosus showed a decreasing trend during the period of study. There was a clear shift in the abundance of S. ghobban and S. canaliculatus. Upto summer season of 2008, S. ghobban dominated over S. canaliculatus but afterwards the trend was reversed. The size of S. ghobban was also found to decrease substantially after the initial period. This decline in the abundance of S. ghobban may be due to overexploitation, and increase Molly Varghese et al. recorded by Murugan and Durgekar (2008) from traps employed in Keelakarai. Species composition of fish landings at Keelakarai by traps is depicted in Fig. 4 .
Siganus canaliculatus contributed maximum and formed 28% of the landings. This was followed by Scarus ghobban (21%). Lethrinus nebulosus and Siganus javus formed 8% each, Parupeneus indicus contributed 7% and rest of the species formed only less than 5% each. As early as 1954, Prabhu observed that L. nebulosus and S. ghobban formed 56.8 and 25.9% of the trap landings in Gulf of Mannar whereas Lal Mohan (1985) noticed that the trap fishery in Gulf of Mannar depended mainly on L. nebulosus, S. canaliculatus and S. ghobban, which formed 45, 26.2 and 10% respectively. The above studies indicate that there exists a temporal shift in the abundance of species in trap landings in Gulf of Mannar. Season-wise abundance of dominant species recorded during the present study is indicated in Fig. 5 . in the abundance of S. canaliculatus may be attributed to the use of more of shrimp head, shrimp peelings and jelly fishes as bait in the trap.
Biodiversity
A community diversity analysis to discern the species status for the different years was carried out (Table 2) (1-lambda) provided information on dominance of species and it was found to be high in 2007-08 (0.87) and low in 2011-12 (0.70). Shannon index of diversity H' (log 2 ) which is a more realistic estimate of biodiversity was found to be the highest in 2007-08 (3.76) and the lowest was found to be observed in 2011-12 (2.58). In the present investigation, the Shannon indices of diversity were medium varying from 2.58 to 3.76. Seasonally, the maximum diversity (H') was recorded during monsoon of 2007 and diversity was found to be higher during monsoon or post-monsoon seasons in most of the years during the study period.
The conventional indices can only be used with quantitative data as they are much influenced by the sampling effort and evenness property. The newly introduced biodiversity indices have additional statistical framework for comparison of one sample with another. The taxonomic diversity index was more in 2007-08 (35.28 ) and less in 2011-12 (25.28). The total phylogenetic diversity index was also more in 2007-08 (1600) and it was less in 2010-11 and 2011-12 (928.57) . The average taxonomic distinctness index was more in 2007-08 (43.96) and less in 2010-11 (40.49) . The results revealed that the biodiversity rich year of 2007-08, had more stability and less variation than other periods, where the variation in taxonomic diversity index was comparatively low.
The dominance plot or K-dominance curve was constructed on the data sets to find out the biodiversity Table 3 . Bray-Curtis similarity for fishes collected from different years pattern (Fig. 6) . The curve for the year 2007-08, which lies on the lower side, extends further and rises slowly due to presence of more number of species. As the percentage contribution of each species is added, the curve extends horizontally (species number is evident from the x-axis), before reaching the cumulative 100%.
In the typical undisturbed ecosystem, the K-dominance curve is S-shaped and Fig. 6 clearly shows curve wih a gentle slope and medium starting point indicating medium diversity.
The Bray-Curtis similarity coefficient (Table 3) is extensively used to find out the degree of relationship in species composition and abundance between samples collected from various places. This coefficient varies from 0 to 100%, with the ends of the range representing the extreme possibilities. The similarity is 100% if the two samples are totally similar and it is 0 if the two samples are totally dissimilar. The highest similarity was found Cluster analysis (dendrogram) revealed grouping of years with respect to species composition in the area (Fig. 7) . The year 2010-11 and 2011-12 formed a group with the maximum similarity percentage of 90.
The ratio indicates average contribution to the standard deviation between the years. The higher-contributing species was taken wherein the species contributing a small amount to the similarity and dissimilarity are dropped. The cut off for low contributions given was 90% and rare species after the cumulative percentage cut off point are ignored.
Twenty six higher-contributing species (Table 4) were taken out of ninetyeight species for the 90% cut off contributions. The identified 26 species were the most important in creating the observed pattern of similarity. The average similarity between group members, based on the Bray-Curtis similarity measure, is 71.40%. S. canaliculatus contributes about 23.82% (with average similarity of 6.61%) to the total similarity followed by S. ghobban contributing about 18.46% (with average similarity of 5.28%) and S. javus contributing about 17.12% (with average similarity of 4.54%).
The fitted 95% probability contours of average taxonomic distinctness (delta+) and variation in taxonomic distinctness (lambda+), showing statistically significant deviation in fish diversity between the years are depicted in Fig. 9 . In the ellipse plot of the average taxonomic distinctness and variation in taxonomic distinctness, the values show statistically significant departure from the ellipse for all the observation years. In the MDS bubble plot, the abundance of species and dissimilarity between the years were superimposed as circles of different sizes. The bubble plots give the abundance of discriminating species which is evident from the size of the bubble, greater the bubble size, higher the abundance of the fish species. Bubble plot of S. canaliculatus, the most dominant species is given in Fig. 8 .
The results of SIMPER analysis are given in Table 4 . The term 'average abundance' represents the average abundance (by numbers) in each year. The 'average contribution' represents the average contribution of each year to the average dissimilarity between the years. Reef fish diversity in trap fishery
The present investigation indicated that the reef fish landings by traps at Keelakarai increased from 2006-07 to 2008-09 and then showed a decline and the landings were almost steady during 2010-11 and 2011-12. Highest similarity was found between 2010-11 and 2011-12 (90.29%) . The catch per trap was also found to be steady after 2010. This indicates that the exploitation level of resources in the trap fishery at Keelakarai might have attained its maximum level.
